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IMAGE FORMING APPARATUS, CHIP, AND
CHIP PACKAGE TO REDUCE CROSS-TALK
BETWEEN SIGNALS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional application of U.S. patent
application Ser. No. 12/485,369, now U.S. Pat. No. 8,884,
423, filed Jun. 16, 2009, and is related to and claims the
priority benefit of Korean Patent Application No. 10-2008-
0111162, filed on Nov. 10, 2008, in the Korean Intellectual
Property Office, the disclosures of which are incorporated
herein by reference.

BACKGROUND

1. Field

Aspects of the present invention relate to an image
forming apparatus, a chip, and a chip package.

2. Description of the Related Art

Currently, integrated circuits, such as semiconductor
memory circuits, are getting smaller in size, while having
higher performance. The effect of a package structure on
such integrated circuits is becoming more important. In
particular, a technique of effectively arranging and routing
pads greatly affects the performance of integrated circuits.

A conventional integrated circuit was free from a limita-
tion on the chip size, and thus, much effort was not required
to design the chip package structure, so as to ensure high
performance. In other words, it was easy to insure that
bonding wires and pads in a conventional chip package had
sufficient separation distances.

However, as chips have become smaller, gaps between
neighboring gates and bonding wires have become narrower.
Also, as the clock frequency of chips becomes higher, a
higher level of cross-talk can occur between signals trans-
mitted through the pads, due to the close proximity of the
pads and bonding wires. Cross-talk refers to a signal induced
phenomenon that occurs among neighboring nets, that is, a
co-signal interference phenomenon.

Cross-talk is a serious problem among different signal
types, such as between data signals and address signals, and
between data signals and control signals. This is because
cross-talk occurring in one signal type induces cross-talk in
other signal types.

FIG. 5 shows a simulation wave diagram illustrating the
effect of cross-talk in a conventional chip package. Referring
to FIG. 5, a data signal and an address signal, which are
transmitted in close proximity to each other, have different
frequencies and different phases. Accordingly, the address
signal may change when the data signal maintains a prede-
termined electric potential, and the change in the address
signal induces a change in the neighboring data signal,
thereby causing cross-talk.

In order to prevent cross-talk, pads and bonding wires of
a package should be designed to have sufficient separation
distances from one another. However, as the degree of
integration of chips becomes higher, it is difficult to ensure
sufficient separation distances. Therefore, there is a demand
for a chip package that is designed to prevent cross-talk,
while maintaining a high degree of integration.

SUMMARY

Aspects of the present invention provide an image form-
ing apparatus, a chip, and a chip package, to reduce cross-
talk between signals.
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According to an aspect of the present invention, there is
provided an image forming apparatus including an engine
unit to perform an image forming operation, and a board unit
to control the engine unit. The board unit may include at
least one chip package that includes a chip. The chip
includes first pads to transmit a first type of signal, a second
pad to transmit a second type of signal, and a third pad
interposed between the first and second pads, to reduce
cross-talk between the first and second types of signals.

According to an aspect of the present invention, the chip
may further include a fourth pad to transmit a third type of
signal, and a fifth pad disposed between the second and
fourth pads, to reduce cross-talk between the second and
third types of signals.

According to an aspect of the present invention, the first,
second, and third pads may be linearly arranged on the chip.

According to an aspect of the present invention, the chip
package may further include a substrate to support the chip,
a packaging unit to encase the chip on the substrate, bonding
fingers disposed on the substrate, bonding wires to electri-
cally connect the bonding fingers to the pads, via holes
vertically penetrating through the substrate, and connectors
to electrically connect the bonding fingers and the via holes.

According to an aspect of the present invention, the chip
package may further include a ground layer embedded in the
substrate, under the bonding wires.

According to an aspect of the present invention, the third
pad may be a ground pad to transmit a fixed electric potential
to the chip.

According to an aspect of the present invention, the first
and second types of signals may be different signals selected
from data signals, address signals, and control signals.

According to another aspect of the present invention,
there is provided a chip including first pads to transmit a first
type of signal, a second pad to transmit a second type of
signal, and a third pad interposed between the first and
second pads, to reduce cross-talk between the first and
second types of signals.

According to an aspect of the present invention, the chip
may further include a fourth pad to transmit a third type of
signal, and a fifth pad disposed between the second and
fourth pads, to reduce cross-talk between the second and
third types of signals.

According to an aspect of the present invention, the first,
second, and third pads may be linearly arranged on the
substrate.

According to an aspect of the present invention, the third
pad may be a ground pad to transmit a fixed electric potential
to the chip.

According to an aspect of the present invention, the first
and second types of signals may be different signals selected
from data signals, address signals, and control signals.

According to still another aspect of the present invention,
there is provided a chip package including a substrate, a chip
mounted on the substrate, including first pads to transmit a
first type of signal, a second pad to transmit a second type
of signal, and a third pad interposed between the first and
second pads, to reduce cross-talk between the first and
second types of signals.

According to an aspect of the present invention, the chip
may further include a fourth pad to transmit a third type of
signal, and a fifth pad disposed between the second and
fourth pads, to reduce cross-talk between the second and
third types of signals.

According to an aspect of the present invention, the first,
second, and third pads may be linearly arranged on the chip.
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According to an aspect of the present invention, the chip
package may further include a packaging unit to encase the
chip, bonding fingers connected to the pads through bonding
wires, via holes extending through the substrate, and con-
nectors to electrically connect the bonding fingers and the
via holes.

According to an aspect of the present invention, the chip
package may further include a ground layer embedded in the
substrate, under the bonding wires.

According to an aspect of the present invention, the third
pad may be a ground pad to transmit a fixed electric potential
to the chip.

According to an aspect of the present invention, the first
and second types of signals may be different signals selected
from data signals, address signals, and control signals.

Additional aspects and/or advantages of the invention will
be set forth in part in the description which follows and, in
part, will be obvious from the description, or may be learned
by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects and advantages of the inven-
tion will become apparent and more readily appreciated
from the following description of the embodiments, taken in
conjunction with the accompanying drawings of which:

FIG. 1 is a block diagram illustrating an image forming
apparatus, according to an exemplary embodiment of the
present invention;

FIG. 2 is a plane view illustrating a chip package, accord-
ing to an exemplary embodiment of the present invention;

FIG. 3 is a cross-section view illustrating the chip package
of FIG. 2;

FIG. 4 is a plane view illustrating a chip, according to
another exemplary embodiment of the present invention;

FIG. 5 is a simulation wave diagram illustrating the effect
of cross-talk in a conventional chip package; and

FIGS. 6A and 6B are simulation wave diagrams illustrat-
ing the effect of cross-talk in a conventional chip package
and in a chip package according to an exemplary embodi-
ment of the present invention, respectively.

DETAILED DESCRIPTION OF EMBODIMENTS

Reference will now be made in detail to the exemplary
embodiments of the present invention, examples of which
are illustrated in the accompanying drawings, wherein like
reference numerals refer to the like elements throughout.
The exemplary embodiments are described below, in order
to explain the aspects of the present invention, by referring
to the figures.

FIG. 1 is a block diagram illustrating an image forming
apparatus 2000, according to an exemplary embodiment of
the present invention. Referring to FIG. 1, the image form-
ing apparatus 2000 includes a board unit 1100 and an engine
unit 1200.

The engine unit 1200 performs one or more operations to
form an image on a printable medium, such as paper or the
like. Since the constitution and operation of the engine unit
1200 is the same as the engine unit of a conventional image
forming, a detailed description thereof is omitted.

The board unit 1100 controls the engine unit 1200. More
specifically, the board unit 1100 receives an image forming
job from an external terminal device (not shown) and
controls the engine unit 1200 to perform various operations,
s0 as to perform the image forming job. The board unit 1100
includes at least one chip package 1000 including a chip (not
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shown). The chip includes first pads (not shown), at least one
second pad (not shown) that transmits a signal group dif-
ferent from that of the first pads, and a third pad (not shown)
that is interposed between the first pads and the second pad,
to reduce signal cross-talk. The chip package 1000 will be
described in more detail, with reference to FIGS. 2 and 3
below.

FIG. 2 is a plane view illustrating the chip package 1000,
according to an exemplary embodiment of the present
invention. FIG. 3 is a cross-section view of the chip package
1000 of FIG. 2. Referring to FIGS. 2 and 3, the chip package
1000 includes a chip 100, a substrate 200, and a packaging
unit 300.

The chip 100 includes first pads 10, second pads 20, and
a third pad 30. The chip 100 may be an integrated circuit
chip, such as a semiconductor memory circuit including a
random access memory (RAM), a read only memory
(ROM), and/or a flash memory, or may be an application
specific integrated circuit (ASIC) chip.

The first pads 10 are linearly arranged on one surface of
the chip 100. The first pads 10 can be used for transmitting
data signals, address signals, and/or control signals. For
example, the first pads 10 may transmit data signals D0 to
D4. The data signals may include a data input/output signal,
a data strobe signal, and/or an input data mask signal.

The first pads 10 are terminals of an internal circuit (not
shown) of the chip 100. The first pads 10 are disposed to
facilitate the attachment of a bonding wire to the chip 100.
In particular, the first pads 10 are terminals to electrically
connect the internal circuit to an external circuit.

The second pads 20 are used to transmit different types of
signals from the first pads 10. More specifically, the second
pads 20 are used for transmitting one type of signal, i.e. the
data signals, the address signals, or the control signals,
which is not being transmitted by the first pads 10. For
example, if the first pads 10 are used to transmit data signals,
the second pads 20 may be used to transmit the address
signals or the control signals. In particular, the second pads
20 may be used to transmit address signals Addr 1 to Addr
3. The address signals may be an address input signal, a bank
address signal, a row address strobe signal, and/or a column
address strobe signal. The second pads 20 may be plural in
number, as shown in FIG. 2, and each second pad 20 may
transmit one of the address signals Addr 1 to Addr 3. In the
alternative, only one second pad 20 may be provided, or any
suitable number of second pads 20 may be provided.

The first pads 10, the second pads 20, and the third pad 30
can be linearly arranged on the substrate 200, with the third
pad 30 being disposed between groups of the first and
second pads 10, 20. The third pad 30 is interposed between
the first pads 10 and the second pads 20, to reduce cross-talk
between the signals transmitted through the first pads 10 and
the signals transmitted through the second pads 20. More
specifically, the third pad 30 can be a ground pad to transmit
signals having a fixed electric potential, to the chip 100. For
example, if the first pads 10 are used to transmit the data
signals, the second pads 20 are used to transmit the address
signals, and the first and second pads 10, 20 are disposed
adjacent to each other, a significant amount of cross-talk can
occur between the transmitted signals. Therefore, the third
pad 30 is interposed between the first pads 10 and the second
pads 20.

The third pad 30 may be a pad that is additionally installed
to reduce cross-talk between the signals transmitted through
the first and second pads 10, 20. In the alternative, the third
pad 30 can be a ground pad conventionally used to transmit
a fixed voltage, to drive the chip 100. Accordingly, the chip
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100 can substantially reduce cross-talk, by including the
third pad 30 between different groups of pads in an inte-
grated circuit, in which it is difficult to ensure sufficient
separation distances between pads and/or wires.

The packaging unit 300 is disposed above the chip 100
and the substrate 200, to protect various patterns on the chip
100 and the substrate 200. The packaging unit 300 may
contact the chip 100 and the substrate 200, or may be spaced
apart from the chip 100 and the substrate 200, thereby
enclosing an empty space.

The chip 100 is mounted on the substrate 200. The
substrate 200 includes: bonding wires 210, bonding fingers
220, connectors 230, via holes 240, a ground layer 250, and
a ball 260.

The bonding fingers 220 are each connected to one of the
pads 10, 20, 30, through the bonding wires 210. More
specifically, the bonding fingers 220 are arranged on an edge
of the substrate 200, and the bonding fingers 220 are
electrically connected to an external pin, or the ball 230,
through the connectors 230 and the via holes 240. The via
holes may include pins or terminals to transmit signals from
the connectors 230.

In FIG. 2, the bonding fingers 220 are shown on the right
side of the chip 100. However, the pads 10, 20, 30 may be
arranged on any side of the chip 100, and the bonding fingers
220 may be arranged on the substrate 200 in corresponding
positions.

The connectors 230 electrically connect the bonding
fingers 220 to the via holes 240. The bonding wires 210
electrically connect the first pads 10, 20, 30 to the bonding
fingers 220.

The via holes 240 extend through the substrate 200. More
specifically, the via holes 240 transmit signals received from
the pads 10, 20, 30, through the bonding wires 210, the
bonding fingers 220 and the connectors 230, to the balls 260
located under the substrate 200. One of the via holes 240 can
be electrically connected to the third pad 30 and the ground
layer 250, which is embedded in the substrate 200.

As shown in FIGS. 2 and 3, the first pads 10 and the
second pads 20 are electrically connected to corresponding
bonding fingers 220, through bonding wires 210. The third
pad 30, which can be a ground pad, is interposed between
the first pads 10 and the second pads 20. That is, since a
ground pattern is interposed between the first and second
pads 10, 20, cross-talk between the different types of signals
transmitted by the first and second pads 10, 20, can be
reduced. In addition, the ground layer 250 is formed in the
substrate 200, under the bonding wires 210, to further reduce
the cross-talk.

Although FIGS. 2 and 3 illustrates a single chip 100, the
present invention is applicable to a multi-chip package, in
which two or more of the chips 100 are packaged on the
substrate 200.

Although the first pads 10 are recited to transmit data
signals and the second pads 20 are recited to transmit
address signals, the first and second pads 10, 20 may
transmit different types of signals selected from the data
signals, the address signals, and the control signals. In the
alternative, the first and second pads 10, 20 may transmit
other types of signals, so long as they transmit different
types of signals.

In the above embodiment, the third pad 30 is interposed
between the first pads 10 and the second pads 20, to reduce
cross-talk. However, according to some aspects, multiple
pads can be included to reduce cross-talk, as shown in FIG.
4.
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FIG. 4 is a plane view illustrating a chip 100", according
to another exemplary embodiment of the present invention.
Referring to FIG. 4, the chip 100" includes first pads 10,
second pads 20, a third pad 30, fourth pads 40, and a fifth
pad 50, which are arranged linearly. Since the first pads 10,
the second pads 20, and the third pad 30 are the same as
those of FIG. 2, a detailed description thereof is omitted.

The fourth pads 40 are used to transmit different types of
signals than the first and second pads 10, 20. For example,
the fourth pads 40 may be used to transmit control signals.
The control signals may be on die termination signals
(ODT), chip select signals, or clock enable signals (CKE).

The fifth pad 50 reduces cross-talk between the signals
transmitted by fourth pads 40 and the first pads 10 and/or
between the fourth pads 40 and the second pads 20. More
specifically, the fifth pad 50 can be an additional pad, or a
ground pad to transmit signals having a fixed electric
potential, which is arranged between the fourth pads 40 and
the first pads 10. If the fourth pads 40 are arranged adjacent
to the second pads 20, the fifth pad 50 can be arranged
between the fourth pads 40 and the second pads 20.

The fifth pad 50 may be an additional pad which is
installed to reduce cross-talk between the signals transmitted
through the fourth pads 40 and the first pads 10, or between
the second pads 20 and the fourth pads 40. The fifth pad 50
may be a ground pad to transmit a fixed electric potential to
the chip 100", to drive the chip 100'.

Although the first-fifth pads 10, 20, 30, 40, 50 are shown
to be arranged on the right side of the chip 100' in the above
embodiment, they may be arranged on any suitable side of
the chip 100'. Accordingly, the image forming apparatus
2000 can reduce cross talk and prevent internal malfunc-
tions, by including ground pads to an integrated circuit, in
which it is difficult to ensure sufficient separation distances
between pads.

FIG. 6A is a signal wave diagram illustrating the effect of
cross-talk between different signal types in a conventional
chip package, wherein gaps between pads/wires of the chip
package are constant. Referring to FIG. 6A, it can be seen
that cross-talk occurred between two signal types, because
pads for transmitting the signal types are in close proximity
to each other. The dotted circle shows that the cross-talk
almost reaches a DC margin, increasing the possibility of a
malfunction.

FIG. 6B is a signal wave diagram illustrating the effect of
cross-talk occurring different signal groups, in a chip pack-
age according to an exemplary embodiment of the present
invention, wherein the gaps between pads/wires of the chip
package are constant. Referring to FIG. 6B, it can be seen
that cross talk occurs between two signal types, but is
reduced by a ground pad disposed between the pads trans-
mitting the different signal types.

Accordingly, the chip package 1000 can easily reduce
cross-talk, by including a ground pad between pads that
transmit different types of signals, even if it is difficult to
ensure sufficient separation distances between the pads.

Although a few exemplary embodiments of the present
invention have been shown and described, it would be
appreciated by those skilled in the art that changes may be
made in these exemplary embodiments, without departing
from the principles and spirit of the invention, the scope of
which is defined in the claims and their equivalents.

What is claimed is:

1. A chip package comprising,

a substrate, and a chip mounted on the substrate, com-
prising:
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first pads consecutively arranged with respect to each
other and disposed on the chip and different pads of
the first pads are configured to transmit different first
signals which are either data signals or control
signals;

a second pad disposed on the chip and configured to
transmit second signals which are address signals;
and

a first ground pad disposed on the chip between the first
pads and the second pad, the first ground pad con-
figured to reduce cross-talk between the first signals
and the second signals,

wherein the first pads, the first ground pad, and the
second pad are consecutively arranged on the chip.

2. The chip package as claimed in claim 1, further
comprising:

athird pad disposed on the chip and configured to transmit

third signals which are one of the data signals and the

control signals and are different signal types than the
first signals; and

a second ground pad disposed on the chip between the

second pad and the third pad, the second ground pad

configured to reduce cross-talk between the second
signals and third signals.

3. The chip package as claimed in claim 1, wherein the
first pads, the second pad, and the first ground pad are
linearly arranged on the chip.

4. The chip package as claimed in claim 1, further
comprising:

a packaging unit to encase the chip on the substrate;

bonding fingers disposed on the substrate;

bonding wires to electrically connect the bonding fingers

to the first pads, the second pad, and the first ground

pad; and

connectors to electrically connect the bonding fingers to

via holes that extend through the substrate.
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5. The chip package as claimed in claim 4, further
comprising a ground layer embedded in the substrate, under
the bonding wires.

6. The chip package as claimed in claim 1, wherein the
first ground pad is configured to transmit a fixed electric
potential to the chip.

7. A chip package comprising,

a substrate, and a chip mounted on the substrate, com-

prising:

first pads consecutively arranged with respect to each
other and disposed on the chip and different pads of
the first pads are configured to transmit different first
signals which are either data signals or control
signals;

second pads consecutively arranged with respect to
each other and disposed on the chip and different
pads of the second pads are configured to transmit
different second signals which are address signals;
and

a first ground pad disposed on the chip between the first
pads and the second pads, the first ground pad
configured to reduce cross-talk between the first
signals and the second signals,

third pads consecutively arranged with respect to each
other disposed on the chip and different pads of the
third pads are configured to transmit different third
signals which are one of the data signals and the
control signals which are different than the first
signals; and

a second ground pad disposed on the chip between the
second pads and the third pads, the second ground
pad configured to reduce cross-talk between the
second signals and third signals,

wherein the first pads, the first ground pad, the second
pads, the second ground pad, and the third pads are
consecutively arranged on the chip.
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